Objectives: To identify the perinatal risk factors for early-onset Group B Streptococcus (EOGBS) sepsis in neonates after inception of a risk-based maternal intrapartum antibiotic prophylaxis strategy in 2004. Design: Case control study. Methods: All newborn with early onset GBS sepsis (born between 2004 and 2013) were deemed to be "cases" and controls were selected in a 1:4 ratio. Results: More than three per vaginal (PV) examinations [odds ratio (OR) 8.57, 95% confidence interval (CI) 3.10-23.6] was a significant risk factors. Peripartum fever (OR 3.54, 95% CI 1.3-9.67), urinary tract infection (OR 2.88, 95% CI 1.08-7.63), meconium-stained amniotic fluid (MSAF) (OR 2.52, 95% CI 1.18-5.37) and caesarean section (OR 1.99, 95% CI 1.16-3.43) were also found to be associated with EOGBS sepsis. Conclusion: Multiple vaginal examinations are the strongest risk factors for peripartum Group B Streptococcal (GBS) sepsis. The association of MSAF and caesarean section indicates that foetal distress is an early symptom of perinatal GBS infection. . The Centre for Diseases Control (CDC) recommends universal screening of mothers between 35 and 37 weeks of gestation to identify colonized mothers and to provide antibiotics to all those who are colonized [3] . Another approach is to use a risk-based strategy and to provide IAP to those mothers who have certain risk factors.
I N T R O D U C T I O N
Group B Streptococcus is a Gram-positive coccus known to be one of the main causative agents of early-onset sepsis (EOS) in neonates. The reservoir of Group B Streptococcus is usually the gastrointestinal tract of the mother; hence, rectovaginal colonization of mothers results in vertical transmission at the time of delivery [1] . Intrapartum antibiotic prophylaxis (IAP) is given to reduce this transmission [2] . The Centre for Diseases Control (CDC) recommends universal screening of mothers between 35 and 37 weeks of gestation to identify colonized mothers and to provide antibiotics to all those who are colonized [3] . Another approach is to use a risk-based strategy and to provide IAP to those mothers who have certain risk factors.
The incidence of Group B Streptococcal (GBS) sepsis in neonates was 0.17/1000 live births in our institution over a 10-year period [4] . At that time, intrapartum antibiotic (ampicillin) was only given to pregnant women with chorioamnionitis or GBS urinary tract infection (UTI). As the incidence of EOS with GBS appeared to be rising over the next 5 years, a case-control study was done in 2003 to identify the risk factors for EOS [5] .
Following this study, the policy of IAP was revised in 2004, and it has since been given in the presence of the following risk factors: maternal chorioamnionitis, GBS UTI, spontaneous preterm labour, preterm premature rupture of membranes (PPROM), peripartum fever (38 C) and prolonged rupture of membranes (PROM) >18 h. The incidence of EOGBS decreased with this strategy from 0.68/1000 live births (1998) (1999) (2000) (2001) (2002) (2003) to 0.55/ 1000 live births (2004-10) [6] .
All newborns born to mothers with these risk factors also have a sepsis screen done. A study in our institution in 2012 showed rectovaginal colonization in 7.6% of pregnant women screened at 35-37 weeks gestation [7] . Since then, some obstetricians offer women an option of having a rectovaginal screening at 35-37 weeks with IAP given if screen is positive. More than 30 000 women attend the obstetric outpatient department per year, and therefore, universal screening is not feasible either at clinic or laboratory levels. Hence, few obstetricians offer screening to their patients. Therefore, <1% women undergo screening.
As there was a reduction in incidence of EOS with GBS after introduction of IAP, but the incidence remained higher than most high-middle-income countries, this study was undertaken to identify any additional risk factors for EOGBS.
This case-control study was done to identify the risk factors for EOGBS sepsis after initiation of riskbased IAP. To our knowledge, no study has reported on risk factors after providing IAP. Identification of persisting and new risk factors may help us modify the current risk-based IAP policy.
M E T H O D S
Christian Medical College is a tertiary-level perinatal centre, which is a private, patient-paid/charitable hospital catering to three districts in South India. As this is the only referral centre for a large population, >50% of deliveries are high-risk deliveries.
All babies admitted in the neonatology unit from 1 January 2004 to 31 December 2014 who were found to have invasive GBS infection within 72 h of birth were identified as the 'cases'. Invasive disease was described as isolation of the organism from any sterile site (blood/cerebrospinal fluid). The two babies born just before and the two babies born after the 'cases' were deemed to be the controls. The records of the motherbaby dyad were retrieved from the Medical Records Department. Data on maternal risk factors and neonatal outcome were collected in a predesigned questionnaire.
Data from the pre-IAP era (1998-2003) were also re-analysed using the same methodology and the results were compared between the two epochs. However, data from only three controls per 'case' could be obtained from the earlier era.
Sample size
In a previous study by Benitz et al. [8] , the risk factors, which were most significant for the development of EOS in newborns, were intrapartum fever [odds ratio (OR) 4 .05] and chorioamnionitis with an OR of 6.43. Therefore, with an estimated 10% of controls having intrapartum fever and 1:4 case:control ratio, we needed a minimum of 54 cases and 216 controls.
Descriptive statistics were reported using frequency and percentage for categorical variables. Association between the outcome and categorical variables was analysed using chi-square/Fisher's exact test.
Maternal risk factors associated with neonatal GBS infection were analysed by binary logistic regression using stepwise method with 25% significance for unadjusted analysis and 5% level of significance for adjusted analysis. The values were reported using OR and 95% confidence interval (CI). SPSS 16.0 was used for statistical analysis. The study was conducted with approval from the institutional review board.
R E S U L T S
In the period 2004-14, after the initiation of a riskbased intrapartum antibiotic policy, 71 babies were found to have an EOGBS sepsis. On analysing the risk factors associated with developing EOGBS sepsis, more than three per vaginal (PV) examinations after rupture of membranes was found to be a significant factor associated with EOGBS, with an adjusted OR of 8.57 (3.10-23.6) ( Table 2 ).
D I S C U S S I O N Prevention of vertical transmission of Group B
Streptococci from a colonized mother to her newborn has been one of the successful strategies adopted to reduce early-onset infection in newborn. This is ideally done by screening pregnant women in late pregnancy and giving intrapartum antibiotics to those found colonized. Alternatively, antibiotics can be given in labour to pregnant women who have certain risk factors, which predispose their newborn to EOGBS infection. Universal screening has been found to be cost-effective only when the incidence of EOGBS is >1.2/1000 live births [9] . This strategy might also be cost prohibitive and technically not feasible in most mid-low-income countries. Hence, many institutions use a risk-based intrapartum antibiotic policy. After a case-control study in 2003, we adopted a risk-based IAP policy since 2004. This study looks at the risk factors for EOGBS infections when an IAP policy is in place. This was done to identify any new risk factors and to assess the effect of IAP on existing risk factors. Prematurity (<37 weeks) was a risk factor in the pre-IAP epoch. This was similar to previous similar studies [8, 10, 11] . In the post-IAP epoch, it was not significantly associated with GBS infection. This is attributed to the successful IAP coverage of mothers who present with preterm labour or PPROM since 2004. Similarly, PROM >18 h has been identified to be significantly associated with GBS sepsis in many studies [8, 10] . A similar association was found in our pre-IAP epoch, which was no longer seen after initiating IAP. This again is probably because of IAP given in this setting.
Peripartum fever continued to be a risk factor, despite a policy of IAP for women in labour having fever >38 C. A previous study by Al-Kadri et al. [12] also found an association between peripartum fever and EOGBS (OR 7.10, 2.50-20.71). Though we are not able to account for this continuing association, a possible explanation could be that the obstetricians' compliance with giving IAP in fever is lower (compared with other risk factors), especially if they felt that fever could be attributed to another aetiology. We do not have data on overall compliance with the overall IAP policy and in individual risk factors throughout the period under study. Observationally, the compliance seems to be between 50 and 60%. It is logical to assume that improvement in compliance to IAP closer to 100% in mothers with risk factors would further reduce neonatal EOGBS incidence in the institution.
More than three vaginal examinations after ROM showed the strongest association with EOGBS disease in both the pre-and post-IAP epochs. This indirectly points to a high colonization rate in our population. However, a study in 2012 showed maternal colonization rate of only 7.6%, which is much lower than most high-middle-income countries. We are hence unable to account for this discrepancy. Previous studies have not reported the magnitude of association of multiple PVs and EOGBS sepsis in neonates, though this is known to be associated with chorioamnionitis [13] . Hence, we would strongly encourage IAP to unscreened mothers who had multiple vaginal examinations in labour. Alternatively, this could be considered a major risk factor for EOGBS sepsis necessitating sepsis workup in the newborns. This could go a long way in reducing EOGBS sepsis in developing countries. Our data show that babies with GBS sepsis were more likely to be born through MSAF, have an abnormal CTG, be delivered by caesarean section and require resuscitation at birth. Studies have shown that GBS-colonized women had more foetal distress when compared with GBS-negative women [13] . It has been hypothesized that EOGBS sepsis is a spectrum of infection that also involves the foetus, which seems to be borne out by our data. Over the past few years, babies who have unexplained foetal distress and are asphyxiated/have respiratory depression at birth have had sepsis workup in our hospital and been covered with penicillin and gentamicin.
The study proves that IAP definitely helps in the settings of preterm labour/PPROM as well as PROM in reducing EOGBS sepsis. It highlights the strong association of multiple vaginal examinations with GBS invasive disease. Where universal screening of mothers is not practised, this should be a guide to obstetricians to reduce unwanted vaginal examinations and also be the single most important risk factor to do a sepsis screen in symptomatic newborns. Our study thus can serve as a template for risk-based intrapartum treatment of mothers and newborn evaluation for EOS, especially in middle-low-income countries. Further studies are needed to evaluate the effect of infection in causing foetal distress/asphyxia in the developing world. 
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